ABSTRACT A total of 176 bakers and 24 subjects employed as bread slicers and wrappers were studied to examine the effect of occupational category on respiratory symptoms, ventilatory capacity, non-specific bronchial reactivity, and prick skin test responses to wheat and common allergens. Bakers had a greater prevalence of attacks of wheeze and dyspnoea and more frequently considered that work affected their chests than did slicers and wrappers. Bakers with a history of asthma with onset since starting work in a bakery had a greater prevalence of chronic cough and sputum, increased bronchial reactivity, and positive prick skin test responses to wheat and common allergens than other bakers. There was a significant association between the frequency of positive prick skin tests to wheat and common allergens, suggesting that prior atopy facilitates sensitisation to cereal antigens. The frequency of positive prick skin responses to common allergens, however, declined with increasing baking duration whereas the frequency of positive skin responses to wheat increased with increasing baking duration, suggesting that subjects who were sensitised to common allergens were leaving the industry whereas subjects who stayed in the industry increased their risk of developing sensitisation to wheat. Oven handlers had a greater prevalence of attacks of wheeze and dyspnoea and more frequently considered that work affected their chests than either dough makers or general bakers. They also had a greater prevalence of positive prick skin test responses to wheat than dough makers or general bakers.
tivity in metropolitan bakers in Perth, Western Australia. In order to determine which exposure factors relate to the rates of respiratory disease, the measures of disease were examined in different occupational subgroups and in relation to duration of employment.
Subjects
We studied 200 men from 18 metropolitan bakeries.
They included 176 bakers and 24 subjects employed only in slicing and wrapping bread. They rep-Wheat flour sensitisation and airways disease in urban bakers resented 90% of all bakers in the Perth metropolitan area. Bakery employees engaged only to deliver bread were not included. Sixteen eligible subjects declined to participate in the study and two were excluded due to incomplete data. One female baker and 22 female bread slicers were excluded from analysis. The mean age of the bakers was 35-2 years (range ) and the mean height was 174-8 cm (range . The mean age of the bread slicers was 39-6 years (range 23-58) and the mean height was 173 5 cm (range .
Subjects were classified according to their job assignments in the bakeries. At the time of the study most of the bakers (68%) worked in specialist tasks in three large automated bakeries. They were categorised as "manager or supervisor," "preparer of ingredients," "dough maker," "oven handler," and "slicer and wrapper." Other bakeries were small and less automated. Employees in such bakeries were involved in all aspects of the baking process and were classified as "general bakers." To examine the effect of occupational subgroups on indices of respiratory disease only general bakers, dough makers, and oven handlers who had worked in their current specialty for at least five years were compared. Dough makers and preparers of ingredients were combined because both groups were involved in product preparation for baking and many performed both tasks.
Methods
All bakers were tested at about the same time of day (4-8 am) at their place of work towards the end of their working shift. Studies were performed in the middle of the working week during spring and summer.
RESPIRATORY SYMPTOMS
All subjects completed a physician administered questionnaire based on the British Medical Research Council questionnaire on respiratory symptoms.'3 A detailed occupational history was also obtained. "Chronic bronchitis" was defined as cough productive of sputum on most days for at least three months of each year for two or more consecutive years.'4 Attacks of wheeze and dyspnoea were recorded if subjects responded positively to the question: "Have you ever had attacks of shortness of breath with wheezing?" Bakers were asked if they believed "that work in the bakery had affected their chests" and if they had "ever been told by a physician that they had asthma." Those with a history of asthma were further subdivided into those with asthma since childhood and those in whom the onset of asthma had occurred only since they had started baking. "Work related asthma" was defined as the presence of attacks of wheeze and dyspnoea in subjects who believed that work affected their chests. This group included all those subjects with physician diagnosed asthma that had started since they had become bakers. "Seasonal rhinitis" was recorded if subjects responded positively to the questions: "Do you often sneeze or get an itchy, running nose?" and "Do you get this more often during any particular season?" PULMONARY FUNCTION Forced expiratory volume in one second (FEV1) and forced vital capacity were recorded on a dry bellows spirometer (Vitallograph). The mean of the best two measurements of FEV1 from three technically satisfactory attempts after one or more practice attempts was taken for analysis and corrected to BTPS. '5 Standardised FEV1 values were calculated for each subject using the age and height regression of the whole group and correcting the measured volume to the mean age and height of all subjects.
Bronchial reactivity was assessed using doubling doses of methacholine aerosol administered every 90 seconds from a hand operated calibrated Devilbiss No 40 nebuliser. The starting dose was 0-04,umol in subjects with an FEV, less than 60% of the predicted value or a history of asthma and 0*15 umol for other subjects. ' Statistical significance of difference between bakers with work related asthma and other bakers ***p < 0-001.
Prichard, Ryan, and Musk wheat antigens in bakers, whereas the frequency of positive prick skin test responses to grasses and house dust decreased with increasing baking duration (figure).
The occupational subgroups were similar in age and smoking habit (table 4) . Nevertheless, a group of 16 oven handlers had a greater prevalence of -attacks of wheeze and breathlessness and more frequently considered that work in the bakery affected their chests than did a group of 29 general bakers or a group of 17 dough makers. Standardised FEVI was significantly lower in oven handlers than in dough makers or general bakers. Oven handlers also tended to have a greater prevalence of increased bronchial reactivity than general bakers and dough makers, although this was not statistically significant. Additionally, oven handlers more frequently reacted to wheat and other cereals on prick skin testing than dough makers.
Discussion
In the baking industry symptoms of work related asthma are common and appear to relate to exposure to ingredients of bread.' "°Bakers more frequently admitted to attacks of wheeze and dyspnoea and considered that work affected their chests than slicers and wrappers. They showed a tendency towards a greater prevalence of positive prick skin tests responses to wheat antigens, and those with work related attacks of wheeze and dyspnoea had a significantly greater prevalence of positive prick skin test responses to wheat antigens than other bakers. Pre-existing atopy may have predisposed the bakers to more frequent wheat flour sensitisation and respiratory disease than the less exposed slicers and wrappers. '2 Part of the excess frequency of positive prick skin responses to common allergens may also be explained by cross reactivity between cereal and grass antigens. '9 Nevertheless the more obvious explanation for the findings is that bakers have work related allergic respiratory disease ("bakers' asthma").
Symptoms of wheeze and dyspnoea that were work related were associated with increased nonspecific bronchial reactivity (though not with a lower standardised casual FEV1). This result is in keeping with a previous study showing a higher frequency of positive acetylcholine tests in bakers with proved occupational disease than in unselected bakers or controls.3 Both studies support the concept that wheeze and dyspnoea are related to non-allergic bronchial reactivity in bakers' asthma as in other forms of allergen induced asthma.20 The higher prevalence of positive skin tests to wheat in bakers with work related asthma indicates an association between exposure and symptoms and suggests that wheat is implicated in the pathogenesis of asthma in bakers.
The greater prevalence of seasonal rhinitis and co-existing positive prick skin test responses to common allergens in bakers who reacted to wheat on skin testing than in those who did not react to wheat supports earlier evidence that atopy may facilitate sensitisation to cereal antigens. '2 The frequency, however, of positive prick skin test responses to common allergens (grasses and house dust) declined with increasing duration of baking whereas the frequency of positive skin responses to wheat increased with increasing baking duration. Thus it appears that subjects with sensitivity to common allergens may be selectively leaving the industry (possibly because of the development of work related symptoms) whereas the surviving, less atopic population continues to develop sensitivity on exposure to wheat flour at work. A prospective study in the industry has been designed to evaluate this possibility.
Oven handlers had a greater prevalence of indices of respiratory disease than either dough makers or general bakers, despite the observation that doughmakers are more exposed to 
